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ABSTRACT 

The proposed deletion of the LM erectable antenna 
on Apollo J series missions has required a re-evaluation of 
the performance expected from communications links using the 
LM steerable and the Lunar Communications Relay Unit (LCRU) 
antennas. 

Using the system parameters of Apollo 12, margin 
calculations show the following for the LM-MSFN links: 

1. Low power transmissions from the LM steerable an- 
tenna to an Earth station using an 8 5  foot diameter 
antenna are limited to voice and low bit rate teleme- 
try data in the phase modulation mode. 

2 .  To achieve posi t ive marg ins  f e r  si ' jna1s in t h e  Fre-  
quency Modulation mode transmitted from the LM 
steerable antenna, an Earth station using a 210 foot 
diameter antenna is required. 

. 

In addition, if the LCRIJ performs according to current 
RCA predictions, the LCRl? signals should be received satisfac- 
torily at a ground station using an 8 5  foot diameter antenna. 
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INTRODUCTION 

Expected communications performance of the LM and 
LCRU downlinks have been calculated to determine the impact 
of the proposed deletion of the LM erectable antenna on Apollo 
J series missions (see Attachment 1). The results of these 
performance calculations are tabulated in Tables I and 11. 

The LM/MSFN system parameters used in these calcu- 
lations were taken from Apollo 12 mission data (Reference 1). 
Calculated power levels appearing in Tables I and I1 are taken 
from Reference 2. The LCRU/MSFN system parameters are taken 
from the RCA preliminary design report (Reference 3 ) .  

RESULTS 

Results of margin calculations in Table I indicate 
that Apollo mission data can be transmitted from the lunar sur- 
face without the use of the LM erectable antenna. The deletion 
of this antenna, however, does place the following constraints 
on data transmissions from the lunar surface: 

1. 

2.  

3. 

An Earth station using a 210 foot diameter antenna 
is required to achieve positive margins for the 
extra-vehicular astronaut data transmitted in the 
frequency modulated (FM) mode from the LM steerable 
antenna. 

Low power transmissions from the LM steerable anten- 
na to an Earth station using an 85 foot diameter an- 
tenna are limited to voice and low bit rate telemetry 
data in the phase modulated modes. The voice in this 
case will be marginal, but should be useable. 

An Earth station with a 210  foot diameter antenna is 
required to achieve positive margins for reception 
of the color television signals transmitted from 
the LM steerable antenna. 

Results of margin calculations, in Table 11, indicate 
satisfactory reception of the Lunar Communication Relay Unit (LCRU) 



i 

BELLCOMM, INC. - 2 -  

voice and television data, at a ground station using an 85 foot 
diameter antenna. It should be noted that in Table I1 the LCRU 
color television margin is calculated on the basis of a threshold 
S/N of 8 dB or a resulting total received signal power of 
-130.2 dBW; however, the threshold specified for Apollo 12 and 
given in Table I is a total received signal power of -124. dBW. 
This approximate 6 db improvement in threshold level for the 
LCRU television channel corresponds to the performance improve- 
ment expected from the use of pre-emphasis in the LCRU television 
equipment. 

CONCLUSIONS 

The results of the margin calculations given in Tables I 
and I1 are in agreement with the performance predictions of MSC, 
Attachment 1, except as follows: 

1. 

2. 

3. 

2034-NWS-ms 

Voice transmitted from the LM steerable antenna in 
the phase modulated mode at low power (Power Ampli- 
fier (PA) off) to a ground station using an 85 foot 
antenna will be marginal but useable. As stated in 
the table of Attachment 1, the margins calculated 
for the high bit rate telemetry data, if transmitted 
sirnuitaneousiy with voice, (-9.2dBj are very negative 
for this configuration. By quieting the voice channel 
and using the required signal to noise (S/N) threshold 
for a bit error rate of rather than the teleme- 
try channel margin is improved, but is still negative 
by 4 . 7  dB. Therefore the high bit rate telemetry 
data is not expected to be useable in this link config- 
uration. 

High bit rate telemetry data transmitted over the LM 
steerable antenna i n  the phase modulated mode at low 
power to a ground station using a 210 foot diameter 
antenna will have a bit error of about 

An Earth station using a 210 foot diameter antenna 
is required to achieve positive margins for the sig- 
nals transmitted in the frequency modulation mode 
from the LM steerable antenna. 

*&A- 

N. W. Schroeder 

Attachments 1 & 2 
Tables I & I1 
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RATIONAL ACRONAIJTICS AND SPACE ADMlfiilS'i'RATION 

JUL 2 9 1970 

,Cl-G3T::I=T : Dele Lion of LM S-hand e r e c t a b l e  antenna 

I.Zter evaluation of cormmica t ions  sys  kens perfonnance on Apollo 11, 12, 
;:xi . '?,  XSC has conclucied that; Lhc LFI :-band e r e c t a b l e  antenna i s  riot 
r8?(yii.r?fi t;o m e t  mission requirements on Apollo 16-19. 
ci <.. ,uc:icd c h a r  L, l.mc?r surface LN comunica t lons  requirerncnts a r e  adequateiy 
1;izL vhen utilizing the LM S-bend steerable antenna f o r  t r s n s x i s s i o n  t o  
85' ground s t a t i o n s .  
can be met u t i l i z i n g  the LCRU i n  conjunct ion with an 8 5 ' ' g r o ~ d  s t a t i o n .  

A s  shown on the 

Addit ional ly ,  voice,  EXU d a t a  and TV r equ i r enen t s  

By dcle tloii of t h e  e r e c t a b l e  antenna from LX-10 and subs,  a m i g h t  s av ing  
of 18.5 pounds can be realized. 
of ZVA t i m e  need n o t  be u t i l i z e d  f o r  e r e c t a b l e  antenna se t  up. 
x v i n g  i s  expected and no schedule impact will be incu r red  because of 
this chn;iGe. 

I n  add i t ion ,  aTproxinately 20 minutes 
A cos* 

AdCiCional j u s t i f i c a t i o n  for t'ne d e l e t i o n  of t h e  LM e r e c t a b l e  antenna is 
t h a t  use o: t i e  e r e c t a b l e  antenna stowage area f o r  t h e  LCW a n c i l l a r y  
c o q o n c n t s  cnn ,a l lo r J  g r e a t e r  preassembly of t h e s e  LCRU cotnponents, t h u s  
a l lov ing  17mar sur2ace time savings approximately 54 minutes over t h e  
p re sen t  design approach. 

Tnis  o f f i c e  recommends t h e  de l e t ion  OS: t h e  LX S-band e r e c t a b l e  antenna 
on Apolio 16-19, and r eques t s  your concurrence with t h i s -  recomendat ion .  

2 n c i o s we  
. ,. 
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